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Description 
Field of Invention 

5 The present invention concerns a method for the fast start-up of modems for full-duplex data transmission over 

the Public Switched Telephone Network (PSTN). 

Background 

10 A particular type of modems for full-duplex data transmission over the PSTN has been defined in the CCITT Blue 

Book, published by the CCITT in Geneva. 1 989, in Volume VIII, Fasc. VIII. 1 . The respective Recommendation V.32 is 
entitled "A family of 2-wire, duplex modems operating at data signalling rates of up to 9600 bit/s for use on the general 
switched telephone network and on leased telephone-type circuits". In this recommendation, a start-up procedure is 
described for exchanging signals between a call mode modem and an answer mode modem in order to train the echo 

IS cancellers and equalizers of these modems. This procedure is based on sending essential parts of the training signals 
in a half -duplex manner. The start-up time required for executing this procedure is In the range of 4 to 8 seconds, which ■ 
is considered too long for many uses. The follow-on Recommentation V.32 bis, published by the CCITT in 1991, de- 
scribes essentially the same start-up procedure, but allows for higher data rates than V.32. 

A method suited for training echo cancellers in full-duplex modems faster than in V.32 modems is described in a 

20 publication by J.M. Gioffi: "A Fast Echo Canceller Initialization Method for the CCITT V.32 Modem", IEEE Transactions 
on Communications, Vol.38, No.5, May 1990, pp.629-638. 

Some new aspects of full-duplex modem initialization are presented in a publication by X. Chen at al. entitled "A - 
Full-Duplex Fast Training Algorithm for Simultaneously Estimating Echo and Channel Response", Proceedings SU- 
PERCOMM/ICC '92, Paper 351.1, pp.1503-1507. A technique for simultaneously estimating the responses of near- 

25 end and far-end echo paths and the signal path from the remote modem to the local modem is described. These 
responses are then used to adjust the echo cancellers and the equalizer. The authors propose to send for this purpose 
known periodic training sequences. One reason for this is the difficulty for the receiving modem to determine the be- 
ginning of a non-periodic training sequence sent by the remote modem. This is one of the problems solved by the 
present invention, 

30 A high speed two wire modem communicating with another modem over a communication media in a Full-duplex 

mode using a common start-up procedure is further known from EP-A-0 513 527. 

Objects of the Invention ^ 

3S The main object of this invention is to provide an initialization procedure for 9 next generation of modems for the 

PSTN currently under consideration by CCITT. With the invented start-up procedure the modem Initialization can be 
completed in considerably less time than by presently used procedures. Current generation nrwxiems. like V22 and V. 
32 modems, operate only at one given modulation rate. The invented procedure accounts for the automatic selection 
of a most suitable set of modulation and coding parameters for given telephone channel, which will be an Important 

^0 new requirement for the next generation of modems. 

Another object is to improve known fast inizialization procedures with respect to their ability to achieve accurate 
echo canceller and equalizer adjustments. 

The invention, as defined in the Claims, provides from the beginning of the initialization procedure In an overlapped 
and interleaved manner an exchange of information necessary tor evaluating the transmission channel conditions, 

45 chosing appropriate transmission parameters, and adjusting receiver settings. It minimizes handshaking delays which 
have henceforth contributed significantly to the prolongation of start-up delays. When no significant round-trip delay is 
involved, the new start-up procedure can lead to full-duplex data transmission within one second after the calling 
modem responds to the answer tone of the called modem. The modems will then transmit data reliably at the modulation 
rate and center frequency appropriate for the channel, and at an initial bit rate. The maximum achievable bit rate can 

50 be achieved later during full-duplex transmission through rate negotiations in any suitable manner whrch is not subject 
of the present invention. 

The principles of an embodiment of the invention are described in the following with reference to drawings. The 
. drawings show: 

55 Fig. 1 - the start-up procedure tor exchanging signals and messages between a calling modem and an answering 

modem, as provided by the present invention; 

Fig. 2 - an example of the spectra of the messages and the channel probing tones exchanged between the modems 
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during the channel probing and ranging phase in the start-up procedure of Fig.1; 

Fig. 3 - an extended version of the start-up procedure of Fig. 1 with additional rate-request messages exchanged 
between the modems before data transmission. 

5 

Introduction 

Users of V.32 modems consider the start-up time of 4-8 seconds of these modems often as too long. For a faster 
modem, the achievement of a considerably shorter start-up time is therefore desirable. In this invention, a start-up 
10 procedure is proposed, which in the absence of significant round-trip delay can lead to full-duplex data transmission 
within one second after the call modem responds to the answer tone. The modems will then transmit data with mod- 
ulation and coding parameters appropriate for the respective directions of transmission, and at safe initial bit rates. 
The maximum bit rates for reliable data transmission are to be achieved later through rate negotiations, which are 
beyond the scope of this invention. 

IS 

General Function 

The proposed full-duplex start-up procedure is illustrated in Figure 1. To obtain a short start-up time, channel 
probing and ranging operations and training of the echo cancellers and receivers are performed simultaneously by 

20 both modems. Handshake operations that introduce round-trip delays are kept to a minimum. It is assumed that the 
calling modem (CM) is connected-to-line when the answering modem (AM) begins sending the answer tone (ANS). It 
is further assumed that both modems are of a type that can perform the necessary operations. 

During the initial probing and ranging phase, the modems exchange identification messages and determine from 
two sets of simultaneously transmitted tones the most appropriate modulation and coding parameters for subsequent 

2S f ullband training and data transmission in each channel direction. The results are exchanged between the modems by 
response messages in a manner which also allows for measuring round-trip delay. During the subsequent training 
phase, the modems transmit fuHband training sequences with the modulation parameters established in the first phase. 
Each modem estimates simultaneously the responses of the near-end and far-end signal paths, and the signal path 
from the remote modem. These responses are then used to adjust the echo cancellers and derive with some further 

30 processing the remaining receiver settings. Firtaily, the modems send data at safe initial rates. 

The Probing and Ranging Phase 

The calling-modem identification message (CIM) and the answering-rtiodem identification message (AIM) are 
35 transmitted in the form of two narrowband modulated signals with. center frequencies near midband, as indicated in 
Figure 2. Scrambled QPSK modulation with a data rate of 800 bit/s is proposed. Alternatively, coded 8-PSK may be 
employed to increase the robustness of the start-up procedure against noise events. The identification messages (CIM 
and AIM) consist of repetitively transmitted fixed-length blocks, preferably of 48 bits length, each conveying the following 
information: 

40 

- Supported modulation parameters for transmission and reception, i.e. set of modulation rates, center frequencies, 
preemphasis functions, transmit-power levels (including an indication whether or not different parameters are al- 
lowed for transmission and reception). 

45 - Supported coding parameters for transmission and reception. I.e. types of modulation codes, data rates, capabil- 
ities for precoding and warping. 

A block sequence number. 

so . Framing bits to identify CIM or AIM block boundarjes. and parity-check bits for error detection. 

As indicated in Figure 1 . each modem keeps a local time measured from the beginning of CIM or AIM transmission. 
By including in the CIM and AIM blocks a sequence number, each modem can establish a relative time of the remote 
modem, when it first correctly receives a CIM or AIM block. 
ss The calling-modem response message (CRM) and the answering-modem response message (ARM) employ the 

same nxxjulatton as used for the CIM and AIM. The CRM and ARM consist at least of one block, preferably of 48 bits 
* length, conveying the following inforrriation: 
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Selected modulation and coding parameters for subsequent transmission of a training sequence and then data 
from the remote modem, i.e. modulation rate, center frequency, modulation code, preceding function, preemphasis 
function, use of warping, transmit power, and initial bit rate. 

s - Measured frequency shift of signals received from the remote modem. 

- The relative time of the remote modem, when transmission of a CRM or ARM block begins. 

Framing bits to identify CRM or ARM block boundaries, and parity-check bits for error detection. 

10 

Simultaneously with the modulated narrowband signals, two sets of interleaved tones are transmitted in each 
channel direction for channel probing, as indicated in Figure 2. It is proposed to place the CM tones at frequencies 
62.5 + kxlOO Hz, and the AM tones at frequencies 12.5+kxi00 Hz. If the transmission channels contain elements, 
which introduce spectral aliasing around a frequency that is a multiple of 100 Hz. e.g., 3200 Hz, then the alias CM and 
IS AM tones occur at 37.5+mxi00 Hz and 87.5 + mxiOO Hz, respectively Thus, they do not interfere with the original 
CM and AM tones. 

By analysing the received CM and AM tones, the modems determine the useful bandwidth for full-duplex trans- 
mission in both channel directions. In addition, the spectral shape of these channel in the critical bandedge regions 
and spectral signal-to-noise ratios are estimated. To measure harmonic distortion, one tone in each set of tones can 
20 be omitted (not shown in Figure 2). It may also be possible to estimate harmonic distortion from the errors signals 
associated with the received CIM or AIM symbols. 

The probing and ranging operations are now described in detail. 

1. The CM is initially conditioned to detect ANS. When ANS is detected, the CM waits for 0.5 to 1.0 second, 
25 according to V.25, to cause disabling of echo suppressors and/or cancellers in the network. 

2. Then the CM begins sending CIM blocks and CM tones, and waits for detection of AIM signals or AM tones. 
Attention is now focussed on the AM. The further operattons performed by the CM are similar to those of the AM. 

30 3. While sending ANS, the AM is conditioned to detect reception of CIM signals or CM tones. When this occurs, 

the AM ceases to send ANS and begins sending AIM blocks and AM tones. 

4. When the AM first correctly receives a CIM block, it stores the modulation and coding parameters supported by 
the CM and establishes from the sequence number in this block the relative CM time. The AM knows, of course, 

35 its own supported modulation and coding parameters, and its local AM time? 

5. The AM analyses the CM tones to determine appropriate modulation and coding parameters for subsequent 

f ullband transmission from the CM to the AM. The time taken for this analysis is determined only by the AM: Among 
the modulation and coding parameters commonly supported by both modems, the AM eventually choses one 
40 particular parameter set and encodes these parameters in an ARM block, together with the measured frequency 

shift of the signals received from the CM. 

6. The AM then starts sending ARM blocks. At least in the first ARM btock, the AM includes the relative CM time 
perceived by the AM, when it start to transmit this block. 

45 

7. The AM stops sending ARM blocks, if it has sent at least one complete ARM block and has received at least 
one complete CRM block. (In Figure 1, the AM sends two complete ARM blocks and stops sending a third ARM 
block, when the first complete CRM block is received. The CM sends only one complete CRM block and then stops 
sending the second CRM block, when it receives the first ARM block.) 

so 

8. The AM now knows the modulation and coding parameters for subsequent f ullband transmission to the CM. 
The AM computes round-trip delay (RTD) from the difference between the local AM time, when it receives the 
CRM block, and the relative AM time contained in the received CRM block. For this calculation modem internal 
propagation and processing delays must also be taken into account. 

. 55 - 

Echo-Canceller and Receiver Training Phase 

The calling-modem training sequence (CTRN) and answering-modem training sequence (ATRN) consist of pseudo 
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random symbols transmitted with the modulation parameters indicated to the CM in the ARM, and to the AM in the 
CRM. Preemphasls, If requested, is used, but preceding, if also requested, Is disabled. The training symbols are chosen 
from a sufficiently large signal constellation comparable in shape and power to the constellation used for subsequent 
data transmission, but usually with fewer symbols. The training symbols are generated by a scrambler At the beginning 

5 of sending the training sequence, the scrambler is initialized to the state that would have been reached, if training 
symbols would already have been generated since the beginning of local modem time at the chosen modulation rate 
with a known intrtial scrambler state. Since the remote modem knows the relative time of the modem sending the 
training sequence, it can perform a similar initialization of its scrambler for local reference symbol generation, when 
the need for knowing jhe training symbols arises. (There exist also other methods to associate knowledge of time with 

10 knowledge of pseudo random training symbols. For example, time can first be expressed in units of modulation intervals 
and then mapped by a suitable function into symbol indices, in a manner similar to encryption.) 

Again, the operations performed by the CM and AM are similar. The following description is given for the CM. 

1. After stopping sending CRM. the CM waits for a short guard interval. Then the CM starts sending the CTRN 
IS with the scrambler initialized according to local CM time as described above. 

2. After one round-trip delay (RTDO, the CM continues to send the CTRN for a fixd period of time. During this time, 
the CM receives a stationary composte signal consisting of three signals: near-end echo, far-end echo, and the 
signal received from the AM. These component signals are caused by the known CTRN symbols without and with 

20 RTD, and the ATRN symbols which can locally be regenerated as described above. From the frequency-shift 

measurements exchanged between the modems, the CM knows also the frequency shifts of the ATRN signals 
and the tar-end echo. 

3. The CM has to determine jointly the responses of the near-end and tar-end echo paths and the signal path from 
2S the AM to the CM. These responses can be obtained by known fast channel-estimatfon algorithms within a time 

period, which is a small multiple of the sum of the time spans of the three responses. 

4. The estimated responses of the echo paths are then used to adjust the near-end and far-end echo cancellers. 
Some further processing is needed to determine the remaining receiver settings, e.g. the coefficients of a linear 

30 equalizer, in the simplest case. The CM can-now,decode further received training symbols. 

5. The CM transmits an ending delimiter (ED). The ED consists of a distinctive pattern of training symbols, e.g., 
sign-inverted symbols of the continued CTRN. that mark the end of transmission of symbols from the constellation 
of training symbols. Thereafter, the CM starts sending scrambled data U^ing the full set of modulation and coding 

35 parameters received earlier from the AM. First, a block of scrambled all-one bits (B) is transmitted. Then user data 

are transmitted. 

6. After receiving a similar ED from the AM, the CM conditions its receiver to decode scrambled data according to 
the full set of modulation and coding parameters, which the CM has sent earlier to the AM. When a sufficient 

40 number of scrambled all-one bits has been received, the receiver starts to output decoded user bits. 

This completes the description of the essential concepts of the start-up procedure. 

Estimate of Start-Up Time 

45 

Given below are approximate numbers for the time from the beginning of CIM transmission to the beginning of 
data transmission by the CM. 





1. 


Start of CIM to detection of AIM 


1 30 ms + RTD 


so 


2. 


Receive AIM, analyse AM tones (5 blocks @ 48 bits at 800 bit/s) 


300 ms 




3. 


Send CRM (1 block @ 48 bits at 800 bit/s) 


60 ms 




,4. 


. Send CTRN and perform full-duplex training (RTD + 512 T at 3000 Baud) 


171 ms + RTD 




5. 


Send ED and B (8+64 T at 3000 Baud) 


24 ms 


55 




Total from start of CIM to sending DATA for the CM 


6a5ms+2WD 
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Rate Requests 

In the proposed start-up procedure so far described, the initial bit rates for data transmission by the CM and the 
AM are already deternnined during the probing and ranging phase and communicated to these modems in the ARM 

5 and CRM blocks, respectively. It may be advantageous to decide on these rates at the end of the training phase, at 
the expense of prolonging the start-up time by at least one RTD. Figure 3 illustrates the sending of rate requests (R). 
The R expresses the bit rate that a modem decides to be appropriate for reception when it has evaluted the quality of 
signal reception during reception of further symbols from the training-symbol constellation. The other modem will re- 
spond with ED, when it has received R and also sent a corresponding R. 

10 The use of rate requests may be further extended to require from the remote modem a particular use of preceding 

and warping, and/or a change in transmit power. The ED may be expanded to indicate and thereby confirm explicity 
some of the modulation and coding parameters that will be used for subsequent data transmission. 



IS Claims 

1 . A method of starting full-duplex communication between a first station with a calling modem (CM) and a second 
station with an answering modem (AM), the answering modem, when cajled, sending an answering tone (ANS) 
to the calling modem (CM), the method comprising the following steps: 

20 

a1. sending from each of the modems to the other one, in an interleaved and overlapping manner: 

a set of channel probing tones (CM and AM tones) at predetermined frequencies, and 

25 repetitive identification messages (CIM, AIM) in a given frequency range, containing the sending modem's 

local time (local CM time, local AM time) when the message is sent, and characterizing the sending modem 
by its capabilities in terms of parameters including supported modulation rates, center frequencies, and 
supported coding; 

30 a2. at the respective other modem reciBiving^aid probing tones and identification messages: 

establishing a running time reference (relative CM or AM time, respectively) from the remote modem's 
local time (local CM or AM time, respectively) received in said identification message(s). and 

35 determining transmission channel characteristics, in particular a useful bandwidth (UB), from said received 

probing tones; 

b1. sending from the respective other modem: 

repetitive response messages (CRM, ARM), each containing the relative time (relative CM or AM time, re- 
40 spectively) at this other modem and transmission parameters selected from the parameters supported by both 

modems, based on the determined channel characteristics, in particular the modulation rate and center fre- 
quency, for subsequent transmission of training and data signals from the modem receiving said particular 
response message; 

45 b2. at the modem receiving said response message (CRM, ARM): 

determining the round trip delay (RTD) by comparing the received relative time and the actual local time 
at the receiving modem; 

so extracting the information on the transmission parameters to be used for subsequent transmisston of 

training and data signals to the modem sending said response message; 

c1. sending from each modem, at the respective determined modulation and coding parameters, full-band 

training sequences (CTRN. ATRN); 



55 



c2. determining, at each modem that now sends and receives training sequences (CTRN. ATRN). the respons- 
es of the respective detected near-end and far-end echo paths and of the signal paths from the remote modem 
to adjust receiver settings, in particular echo cancellers and equalizers as necessary for subsequent data 
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transmission. 
The method of claim 1 . wherein 

the calling modem (CM), after detecting the answering tone (ANS). waits for a predetermined time and then 
sends the calling modem identification message (CI M) in a first frequency range and the channel probing tones 
(CM tones) at given frequencies of a first set, 

correspondingly, when the answering modem (AM), which is conditioned to receive said calling modem iden- 
tification message (CIM), detects the latter, it stops sending said answering tone (ANS) and starts transmitting 
the answering modem identification message (AIM) in a second frequency range and the respective channel 
probing tones (AM tones) at given frequencies of a second set. 

The method of claim 1 or 2, wherein 

said identification messages (CIM, AIM) consist of repetitively transmitted blocks conveying at least information 
on: 

modulation rates, center frequencies, and data rates, at which the modem sending said identification message 
(CIM. AIM) can operate, 

elapsed time (local CM or AM time, respectively) since beginning of said identification message (CIM, AIM) 
transmission, allowing the respective modem (CM or AM) to establish a time reference (relative AM or CM 
time, respectively). 

block boundaries and error detection. 

The method of any preceding claim, wherein 

the answering modem (AM) recognizes from at least one of said calling modem identification messages (CIM) 
the capabilities of the calling modem (CM), establishes the calling modem reference time (relative CM time), 
and analyzes the calling modem channel probing tones (CM tones) to determine appropriate modulation and 
coding parameters for transmission from the calling modem (CM) to the answering modem (AM), 

correspondingly, the calling modem (CM) recognizes from at least one of-said answering modem identification 
messages (AIM) the capabilities of the answering modem (AM), establishes the answering modem reference 
time (relative AM time), and analyzes the answering modem channel probing tones (AM tones) to determine 
appropriate modulation and coding parameters for transmission from the answering modem (AM) to the calling 
modem (CM), 

each modem stops sending identification messages (CIM, AIM) and starts transmitting response messages 
(ARM, CRM) upon 

successful reception of an identification message (CIM, AIM) from the other modem, and 
- completed analysis of the channel characteristics. 

and. finally, each modem stops transmitting response messages (ARM, CRM) upon 

transmission of at least one complete response message, and 
successful reception of at least one response message. 

The method of claim 1 or 4, wherein 

the response messages (ARM, CRM) consist of repetitively transmitted blocks conveying at least information 
on: 

selected modulation and coding parameters for subsequent transmlsstons. in particular modulation rate, center 
frequency, transmit power, type of coding, and initial bit rate. 
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the sending modem reference time (relative AM or CM time), when such sending modem response message 
block is transmitted, to be used to determine round-trip delay (RTD), 

block boundaries and error detection. 
s • 

6. The method ot claim 1 or 5. wherein, subsequent to the response message (CRM, ARM), 

each modem (CM or AM) transmits the training sequence (CTRN or ATRN) for the duration of the determined 
round-trip delay (RTD) plus a fixed time period, 

70 

each modem determines, as necessary, channel responses, and receiver settings from the received stationary 
composite signal comprising near-end echo, far-end echo, and the training sequence (ATRN or CTRN) from 
the remote modem, and 

IS each modem is then ready for transmitting an ending delimiter (ED) indicating the end of transmission of 

training signals to the remote modem and conditioned to receive such a delimiter (ED) from the remote modem. 

7. The method of claim 1 , wherein the identification messages (CIM and AIM) and/or the response messages (CRM 
and ARM) are transmitted in form of a narrow-band modulated signal with a center frequency near mid-band of 

20 the transmission channel bandwidth, in particular with differing mid-frequencies. 

8. The method of any preceding claim, wherein the identification message (CIM or AIM) has a block length of about 
32 bits or more. 

2S 9, The method of any preceding claim, wherein the frequencies of the channel probing tone sets (AM and CM tones) 
are selected outside the frequency range of the identification messages, in particular towards both ends of the 
transmission channel bandwidth. 

1 0. The method of claim 9. wherein one set of probing tones is placed at frequencies of 1 2.5-hkxl 00 Hz and the other 
30 set at 62.5+kx 100 Hz. k being the ordinal number of the respective probing tone. 

11 . The method of any preceding claim, wherein the training signals (ATRN or CTRN) consist of a sequence of pseudo- 
random modulation symbols uniquely associated with time, preferably generated by a scrambler which is initialized 
at the start of the sending modem's first identification message (CIM or VMM), such that the receiving modem can 

3S Identify the transmitted modulation symbols by referring to the sending modem's reference time at the receiving 

modem (relative AM or CM time), as communicated in the identification message (CIM or AIM). 

1 2. The method of claim 1 1 . wherein the modulation parameters of the training sequences (CTRN. ATRN) are uniquely 
determined by the information contained in the response messages (CRM, ARM). 

40 

Patentanspruche 

1. Ein Verfahren zum Starten der Vollduplex-Kommunikation zwischen einer ersten Station mit einem anrufenden 
4S Modem (CM) und einer zweiten Station mit einem antwortenden Modem (AM), wobei das antwortende Modem 

einen Antwortton (ANS) an das anrufende Modem (CM) sendet. wenn es angerufen wird. und wobei das Verfahren 
die folgenden Schritte umfaBt: 

a1. Verschachteltes und uberlappendes Senden von jedem der Modems an das andere Modem: 

so 

eihe Gruppe von Kanalabtasttonen (CM- und AM-T6nen) mit vorbestimmten Frequenzen. und 

periodische Identifikationsmeldungen (CIM, AIM) in einem bestimmten Frequenzbereich. die die Ortszeit 
des sendenden Modems (CM-Ortszeit. AM-Ortszeit) enthalten. wenn die Meldung gesendet wird. und die 
55 das sendende Modem durch seine Leistungsmerkmale im Hinblick auf Parameter wie z.B. unterstutzte 

Moduiationsraten, Schwerpunktfrequenzen und unterstutzte Codierung kennzelchnen; 

a2. Am betreffenden anderen Modem, das die Abtasttone und Identifikationsmeldungen empfangt: 
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Festsetzen eines Laufzeitbezugspunkts (relative CM- bzw. AM-Zeit) aus der Ortszeit desfernen Modems (CM- 
bzw. AM-Ortszeit), die mit der (den) Identiflkationsmeldung(en) empfangen wird, und Bestimmen der Uber- 
tragungskanaleigenschaften, insbesondare einer Nutzbandbreite (UB) aus den empfangenen Abtasttonen; 

bl. Senden vom jeweils anderen Modem: 

Periodische Anlwortmeldungen (CRM. ARM), die jeweils die relative Zert (relative CM- bzw. AM-Zeit) an die- 
sem anderen Modem und Obertragungsparameter enthalten. die aus den von beiden Modems unterstutzten 
Parametern auf Basis der ermittelten Kanaleigenschatten ausgewahll wurden. insbesondere die Modulations- 
rate und Schwerpunktfrequenz, zur nachfolgenden Qbertragung von Trainings- und Datensignalen vom Mo- 
dem, das die betretfende Antwortmeldung empfangt; 

b2. Am Modem, das die Antwortmeldung (CRM, ARM) empfangt: 

Bestimmen der Umlaufverzogerung (RTD) durch Vergleichen der empfangenen Relativzeit und der tat- 
sachllchen Ortszeit am empfangenden Modem; 

Extrahieren der Intormationen Ober die Obertragungsparameter. die fur die nachfolgende Qbertragung 
von Trainings- und Datensignalen an das Modem, das die Antwortmeldung sendet. venwendet werden 
soiien; 

c1 . Senden von Vollband-Trainlngssequenzen (CTRN. ATRN) von jedem Modem mit den jeweils ermittelten 
Modulations- und Codierparametern; 

c2. An jedem Modem, das nun Tralningssequenzen (CTRN. ATRN) sendet und empfangt. Bestimmen der 
Antworten der jeweils ermittelten Nah- und Femechopfade und der Signalpfade vom fernen Modem, urn die 
Empfangereinstellungen. insbesondere Echokompensatoren und Entzerrer, f Or die nachfolgende Datenuber- 
tragung nach Bedarf anzupassen. 

Das Verfahren gemaB Anspruch 1, bei dem 

das anrufende Modem (CM) nach Entdeckung des AntWorttons (ANS) wahrend einer vorbestimmten Zeit war- 
tet und dann die Identifikatlonsmeldung (CIM) des anrufenden Modems in einem ersten Frequenzbereich und 
die Kanalabtasttone (CM-T6ne) mit bestimmten Frequenzen einer ersten Gruppe sendet, 

in entsprechender Weise, wenn das antwortende Modem (AM), das auf*den Empfang der identifikationsmel- 
dung des anrufenden Modems (CIM) ausgerichtet ist. das Modem bei Entdecken dieser Meldung das Senden 
des Antworttons (ANS) stoppt und mit der Qbertragung der Identifikatlonsmeldung (AIM) des antwortenden 
Modems in einem zweiten Frequenzbereich und der entsprechenden Kanalabtasttone (AM-T6ne) mit be- 
stimmten Frequenzen einer zweiten Gruppe beginnt. 

Das Verfahren gema3 Anspruch 1 oder 2. bei dem 

die Identifikationsmeldungen (CIM. AIM) aus perlodisch ubertragenen Blocken bestehen, die mindestens fol- 
gende Intormationen bereitstellen: 

Modulationsraten. Schwerpunktfrequenzen und Datenraten, bei denen das Modem, das die Identifikations- 
meldungen (CIM, AIM) sendet, betrieben werden kann. 

abgelaufene Zeit (CM- oder AM-Ortszeit) seit Ubertragungsbeginn der Identifikationsmeldung (CIM. AIM), das 
dem jeweillgen Modem (CM oder AM) die Festsetzung einer Bezugszeit (relative AM- bzw. CM-Zeit) ermog- 
Ifcht, 

Blockgrenzen und Fehlererkennung. 

Das Verfahren gemaB einem der vorhergehenden AnsprOche, bei dem 

das antwortende Modem (AM) aus mindestens einer der Identifikationsmeldungen des anrufenden Modems 
(CIM) die Leistungsmerkmale des anrufenden Modems (CM) erkennt, die Bezugszeit des anrufenden Modems 
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festsetzt {relative CM-Zeit) und die Kanalabtastlone (CM-Tone) des anrufenden Modems analysiert, um die 
geeigneten Modulations- und Codierparameter fOr die Obertragung vom anrufenden Modem (CM) zum ant- 
wortenden Modem (AM) zu bestimmen. 

in entsprechender Weise das anrutende Modem (CM) aus mindestens einer der Identrfikationsmeldungen des 
antwortenden Modems (AIM) die Leistungsmerkmale des antwortenden Modems (AM) erkennt, die Bezugszeit 
des antwortenden Modems (relative AM-Zeit) festsetzt und die Kanaiabtasttone des antwortenden Modems 
(AM-T6ne) analysiert, um geeignete Modulations- und Codierparameter fur die Obertragung vom antwortenden 
Modem (AM) zum anrufenden Modem (CM) zu bestimmen, 

jedes Modem das Senden von Identlfikationsmeldungen (CIM, AIM) stoppt und mit der Ot)ertragung von Ant- 
wortmeldungen (ARM, CRM) beginnt. und zwarnach 

erfoigreichem Empfang einer Identifikationsmeldung (CIM, AIM) vom anderen Modem 

abgeschlossener Analyse der Kanaleigenschaften, 

und schlieBlich jedes Modem die Obertragung von Antwortmeldungen (ARM, CRM) stoppt, und zwar nach 

Obertragung von mindestens einer vollstandigen Antwortmeldung, und 

erfoigreichem Empfang von mindestens einer Antwortmeldung, 

Das Verfahren gemaB Anspruch 1 oder 4, bei dem 

die Antwortmeldungen (ARM, CRM) aus periodisch ubertragenen Blocken bestehen, die mindestens foigende 
Informationen enthalten; 

ausgewahlte Modulations- und Codierparameter fur nachfolgende Ubertragungen, insbesondere Modulati- 
onsrate, Schwerpunktfrequenz, Send^leistuogt Codierart und anfangliche Brtrate, 

die Bezugszeit des sendenden Modems (relative AM- oder CM-Zeit), wenn ein solcher Antwortmeldungsblock 
des sendenden Modems ubertragen wird, die zur Bestimmung der Umiaufverzogerung (RTD) ven/vendet wird, 

Blockgrenzen und Fehlererkennung, 

Das Verfahren gemaB Anspruch 1 oder 5, bei dem im AnschluB an die Antwortmeldung (CRM, ARM) 

jedes Modem (CM oder AM) die Trainingssequenz (CTRN oder ATRN) wahrend der Dauer der ermittelten 
Umiaufverzogerung (RTD) zuzuglich einer festen Zeitperiode ubertragt, 

jedes Modem nach Bedarf die Kanalantworten und Empfangereinstellungen aus dem empfangenen stationa- 
ren Signalgemisch bestimmt, welches das Nahecho, Femecho und die Trainingssequenz (ATRN oder CTRN) 
des fernen Modems umfaBt. und 

jedes Modem dann fur die Obertragung eines Endbegrenzers (ED) bereit ist, der das Ende der Obertragung 
von Train ingssignalen an das feme Modem signalisiert, und so konditioniert ist, daB es einen solchen Begren- 
zer (ED) vom femen Modem empfangt. 

Das Verfahren gemaB Anspruch 1, bei dem die Identifikationsmeldungen (CIM und AIM) und/oder die Antwort- 
meldungen (CRM und ARM) in Form eines modulierten Schmalbandsignals mit einer Schwerpunkt frequenz nahe 
der Bandmitte der Ubertragungskanalbandbreite, insbesondere mit unterschiedlichen MIttenfrequenzen, Obertra- 
gen werden. 

Das Verfahren gemaB einem der vorhergehenden Anspruche, bei dem die IdentifikationsmeWung (CIM oder AIM) 
eine Blocklange von rund 32 Bits oder mehr aufweist 

Das Verfahren gemaB einem der vorhergehenden AnsprOche, bei dem die Frequenzen der Kanalabtasttongruppen 
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(AM-und CM-T6ne) au3erhalb des Frequenzbereichs der Identiflkalionsmeldungen gewahll werden. insbesondere 
in Richtung auf beide Enden der Ubertragungskanalbandbreite. 

Das Verfahren gemaB Anspruch 9, bei dem eine Gruppe von Abtasttonen auf Frequenzen von 12.5+kx100Hz und 
die andere Gruppe auf 62.5+loc100Hz gelegt wird, wobei k die Ordnungszahl des entsprechenden Abtasttons 1st. 

Das Verfahren gemaB einem der vorhergeh enden Anspruche, bei dem die Trainingssignale (ATRN Oder CTRN) 
aus einer Folge von pseudozufalligen Modulationssymbolen bestehen, die in eindeutiger Welse aut die Zeit be- 
zogen sind und vorzugswelse von einem Verwurfler erzeugt werden, der zu Beginn der ersten Identifikationsmel- 
dung des sendenden Modems (CIM Oder AIM) initlalisiert wird, damit das empfangende Modem die ubertragenen 
Modulationssymbole durcli Bezugnahme auf die Bezugszeit des sendenden Modems, so wie sie in der Identifika- 
tionsmeldung (CIM Oder AIM) Obermittelt wird, am empfangenden Modem (relative AM- oder CM-Zeit) identifizieren 
kann. 

Das Verfahren gemaB Anspruch 11, bei dem die Modulationsparameter der Trainingssequenzen (CTRN, ATRN) 
in eindeutiger Weise durch die Informationen bestimmt werden, die in den Antwortmeldungen enthalten sInd (CRM, 
ARM). 



20 Revendications 

1. Un proc6d6 de d^marrage k duplex integral d'une communication entre un premier poste, ayant un modem ap- 
pelant (CM) et un deuxieme poste ayant un modem r§pondant (AM), le modem r6pondant, une fois appel6. en- 
voyant une tonality de r^ponse (ANS) au modem appelant (CM), le proc6d6 comprenant les etapes ci-apres : 

2S 

a1. envoi, depuis chacun des modems k I'autre, d'une manlere imbriqu6e et chevauchde: 

d'un jeu de tonallt6s d'6chantii!onnage de canal (tonalit6s CM et AM) k des frequences pr6d6termin6es. et 

30 de messages ^identification r^p^titifs (CIM, AIM) dans une plage de frequences donn^e, contenant le 

temps local du modem 6metteur (temps CM iocat. temps AM local), lorsque le message est envoy6. et 
caract6risant le modem 6metteur par ses capacit6s en termes de param6tres y comprls les rapidit6s de 
modulation support6s. les frequences nomlnales supportees et le codage support^; 

55 a2. k I'autre modem respectif, recevant lesdites tonalites d'echantillonnage et les messages d'identification : 

etablissement d'une reference de temps de sen/ice (temps CM ou AM relatif , respectivement) k partir du 
temps local du modem distant (temps CM ou AM local, respectivement) re^u dans le ou lesdits message 
(s) ^identification, le ou lesdits message(s) d'identification, et 

40 

determination des caracterlstlques du canal de transmission, en particulier de la largeur de bande utile 
(US), k partir desdites tonalites d'echantillonnage refues; 

b1 . envoi, depuis I'autre modem respectit : 
45 de messages de r6ponse repetitifs (CRM, ARM), contenant chacun le temps relatif (temps CM ou AM relatrf, 

respectivement) k cet autre modem, et des parametres de transmission seiectionnes parmi les parametres 
supportes par les deux modems, en se basant sur les caract6ristiques de canal souhaltees, en particulier la 
rapidite de modulation et la frequence nominate, pour une transmission subsequente de signaux de condi- 
tionnement et de donnees, depuis le modem recevant ledit message de reponse particulier; 

so 

b2. au modem recevant ledit message de reponse (CRM. ARM) : 

determination du temps de propagation aller et retour (RTD) par comparaison entre ie temps relatif re^u 
et le temps local reel au modism recevant; 

55 

extraction de rinformation concemant les parametres de transmission k utiliser pour la transmission sub- 
sequente des signaux de conditionnement et de donnees au modem envoyant ledit message de reponse; 
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cl . envoi depuis chaque modem, avec les parametres de modulation et de codage d6termin6s respectifs, de 
sequences de conditionnement de plelne bande (CTRN, ATflN); 

c2. d6termination, k chaque modem qui envoie et regoil k present des sequences de conditionnement (CTRN. 
ATRN), des rdponses des trajets d'6cho de paradiaphonie et de t6I6diaphonie d6tect6s respectifs et des trajets 
de signal venant du modem distant, afin d'ajuster les r6glages r6cepteur, en particulier les suppresseurs d'6cho 
et les 6galiseurs, en tant que de besoin, pour la transmission de donn6es subs6quente. 

Le proc6d6 selon la revendication 1, dans lequel 

le modele appelant (CM), aprfes avoir d6tect6 la tonalit6 de r6ponse (ANS), attend pendant une dur6e pr6d6- 
termin6e, puis envoie le message d' identification de modem appelant (CIM) dans une premiere plage de fre- 
quences et les tonallt^s d'6chantlllonnage de canal (tonalit6s CM) k des frequences donndes, d'un premier jeu, 

de maniere correspondante, lorsque le modem r6pondant (AM), qui est conditionn6 pour recevoir ledit mes- 
sage ^identification de modem appelant (CIM), d6tecte ce dernier, it stoppe renvoi de ladite tonality de r§ponse • 
(ANS) et commence la transmission du message d'identification de modem r^pondant (AIM), dans une deuxie- 
me plage de fr6quences, et des tonallt6s d'6chantlllonnage de canal respectifs (tonalit6s AM) a des frequences 
donnees, d'un deuxi^me jeu. 

Le precede selon la revendication 1 ou 2, dans lequel lesdits messages d'identification (CIM, AIM) sont constitues 
de blocs transmis repetitivement, v6hlculant au moins de I'information concernant : 

les rapidites de modulation, les frequences nominates et les taux de donnees, auxquels le modem emettant 
ledit message d'identification (CIM, AIM) peut fonctlonner, 

le temps ecouie (temps CM ou AM local, respectivement) depuis le d6but de ladrte transmission de message 
d'identification (CIM. AIM), permettant au modem respectif (CM ou AM) d'etablir une reference de temps 
(temps AM ou CM relatif, respectivement). 

des limites de blocs et une detection d'erreur. 

Le precede selon I'une quelconque des revendications pr6c6dentes, dans lequel : 

le modem repondant (AM) identifie. k partir d'au moins I'un desdits messages d'identification de modem ap- 
pelant (CIM). les possibilites du modem appelant (CM), etablit le plan de reference de modem appelant (temps 
CM relatif), et analyse les tonalites d'echantlllonnage de canal de modem appelant (tonalites CM), afin de 
determiner les paramdtres appropries de modulation et de codage pour la transmission depuis le modem 
appelant (CM) au modem repondant (AM), 

de maniere correspondante, le modem appelant (CM) identifie, k partir d'au moins I'un desdits messages 
d'identification de.modem repondant (AIM), les possibilites du modem repondant (AM), etablit le temps de 
reference de modem repondant (temps AM relatif) et analyse les tonalites d'echantillonnage de canal modem 
repondant (tonalites AM), afin de determiner des parametres appropries de modulation et de codage pour la 
transmission depuis le modem repondant (AM) vers le modem appelant (CM). 

chaque modem cesse renvoi des messages d'identification (CIM, AIM) et commence la transmission des 
messages de reponse (ARM, CRM) lors de 

la reception couronnee de succ6s d'un message d'identification (CIM, AIM) venant de I'autre modem, et 

I'achevement de I'analyse des caracteristiques de canal, 

et, enfin. chaque modem cesse la transmission des messages de r6ponse (ARM, CRM) lorsde 

la transmission d'au moins un message de reponse complet, et 

la reception couronnee de succes d'au moins un message de reponse 
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5. Le proc^dd seton la revendication 1 ou 4, dans lequel : 

les messages de r6pons8 {ARM, CRM) sont constitu6s de blocs transmis r6p6titivement. v6hicu!ant au moins 
une information concernant : 

5 

les paramdtres s^lectionn^s de modulation et de codage pour les transmissions subs^quentes. en particulier 
la Vitesse de modulation, la frequence nominale, la puissance de transmission, le type de codage et le taux 
binaire initial, 

?o le temps de r6f6rence de modem ^mettant {temps AM ou CM relatif), lorsque ce bloc de message de r^ponse 

modem 6mettant est transmis, devant elre utilis6 pour determiner le temps de propagation a Taller et au retour 
(RTD), 



IS 



20 



les limites de blocs et la detection d'erreur 

Le proc6d6 selon la revendication 1 ou 5, dans leque!, subs6quemment au message de r^ponse (CRM. ARM), . 

chaque modem {CM ou AM) transmet la sequence de conditionnement (CTRN ou ATRN) pendant la dur§e 
du temps de propagation aller et retour (RTD) determine, plus une pdriode de temps fixee, 

chaque modem determine, en tant que de besoin, les r6ponses de canal et les r6glages r6cepteur k partir du 
signal composite statlonnaire re^u comprenant I'^chode paradlaphonie, T^cho de tdiSdiaphonie et la sequence 
de conditionnement (ATRN ou CTRN) venant du modem distant, et 

25 chaque modem est ensuite pret k transmettre un d6llmiteur de fin de trame (ED) indiquant la fin de transmission 

des signaux de conditionnement destines au modem distant et est conditionn6 pour recevoir un tel d6limiteur 
(ED) depute le modem distant. 

7. Le proc§d6 selon la revendication 1, dans lequel les messages d'identification (CIM et AIM) et/ou les messages 
30 de reponse (CRM et ARM) sont transmis sous laiorme d*un signal moduli k bande 6troite, ayant une frequence 

nominale proche du milieu de bande de la largeur de bande de canal de transmission, en particulier lorsque les 
frequences m6dianes sont diff^rentes. 

8. Le proc6d6 selon Tune quelconque des revendications pr^c^dentes, dahs lequel le message d'identification (CIM 
35 ou AIM) a une longueur de bloc d'environ 32 bits ou plus. 

9. Le proc6d6 selon Tune quelconque des revendications pr6c6dentes, dans lequel les frequences des jeux de to- 
nalttes d'echantillonnage de canal (tonalites AM et CM) sont seiectionn^es hors de la plage de frequences des 
messages d'identification, en particulier vers les deux extremites de la largeur de canal de transmission. 

40 

10. Le procede selon la revendication 9, dans lequel un jeu de tonalite d'echantiilonnage est place aux frequences de 
12,5 + k x 100 Hz et I'autre jeu k 62,5 + k x 100 Hz, k etant le nombre ordinal de la tonalite d'echantillonnage 
respective. 

^5 11. Le precede selon Tune quelconque des revendications precedentes, dans lequel les signaux de conditiorinement 
(ATRN ou CTRN) sont constitues d'une sequence de symboles de modulation pseudo-aieatoire, associes de fa^on 
unique, au temps, de preference generes par un brouilleur initialise au debut de renvoi du premier message d'iden- 
tification de modem (CIM ou AIM), de maniere que le modem recevant puisse identifier les symboles de modulation 
transmis en se referant au temps de reference du modem 6mettant, au modem recevant (temps AM ou CM relatif), 

so tel que communique dans le message d'identification (CiM ou AIM). 

12. Le procede selon la revendication 11. dans lequel les paramfetres de modulation des sequences de conditionne- 
ment (CTRN, ATRN) sont uniquement determines par information contenue dans les messages de reponse (CRM, 
ARM). . . 

55 
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